Introduction
The long-term stability of micro-implants (e.g. retina and brain implants) in the human body is limited due to corrosion by body electrolyte. Hermetic stiff encapsulations cannot be used due to the high number of required electrode feedthroughs (interface implant / body tissue) and a desired flexible adaption of the implant to body tissue. Therefore flexible encapsulation layers must be developed. The requirements for such encapsulation layers are a very low water vapour transmission rate (WVTR), a high electric isolation of the voltage-carrying components and good adhesion also under mechanical load.
Methods
Biocompatible polymers (polyimide, parylene) were coated by means of vacuum coating procedure (PVD-sputtering, PECVD) with thin inorganic barrier layers. The produced encapsulation layers were examined with a permeation measurement device developed at the NMI. The measurement device works with mass spectrometric methods and permits the simultaneous determination of water vapour transmission rate (WVTR) and helium transmission rate (HeTR). Furthermore the influence of the biological milieu on the adhesion behaviour and the electrical isolation was examined. The adhesion of the inorganic barrier layers on the polymer substrates was checked with a modified cross cut adhesion test after long term exposure .in physiological electrolyte at 60°C. Leakage currents through polymer isolation layers were investigated with a suitable test system.
Results
Flexible encapsulation layers were synthesized by PVD-sputtering and evaporation. The layers showed a WVTR beyond 10 -3 g / m 2 d . This corresponds to a barrier improvement factor (BIF) of 5000 compared to uncoated polyimide substrates. A satisfactory adhesion of the inorganic barrier layers on the polymer substrates could be reached by a suitable plasma pretreatment of the polymer substrates.
Conclusion
Mass spectroscopy sensitive on D 2 O (Deuterium oxid instead of water) or He is a suitable method for measuring very low water vapour diffusion rates beyond 10 -3 g/m² d. Encapsulation layers consisting of Parylene-C and anorganic layers show a high barrier against water vapour. These encapsulations may be used for flexible implants which cannot be protected by a hermetic metal or ceramic housing.
